assess the progression of birth in order to improve clinical practice. Mainly based on ultrasound, these new mechanisms raise questions about the usefulness and reliability of digital vaginal examination.
The reliability of digital vaginal examination has been evaluated for the determination of cervical dilation, the station of presentation, and the position and rotation in the birth canal. With regard to cervical dilation, one study showed differences >2 cm between different examiners in more than 11% of cases, and another study showed that these differences occur randomly. 2, 3 Most of the delivery assistance guidelines indicate that women should not be admitted until they reach the active phase of delivery (3-4 cm of cervical dilation). Thus, there can be great disparity in hospital admissions depending on the physician or midwife attending the pregnant woman. 4, 5 Digital vaginal examination is neither a highly reproducible nor a reliable technique to determine cervical dilation, the station or the fetal position. When making decisions, it is very important to assess the clinical and uterine dynamics presented by the pregnant woman. 2, [6] [7] [8] In addition, digital vaginal examination is poorly tolerated. This is evident when comparing the pain produced by digital vaginal examination with the pain produced by transperineal ultrasound. 9, 10 It is important to assess the latent phase of labor accurately. Given the poor reliability and pain associated with digital vaginal examination, an alternative has been suggested by the use of intrapartum ultrasound (ITU) to measure cervical dilation, fetal head station, fetal head position, caput, and molding in a sonopartogram. 11 ITU may be an option prior to admission. The technique is known to be cost-effective and could even delay hospital admission until active labor occurs if women are triaged and sent home before returning with active labor. 12 Previous studies have focused on checking the progression of labor, but no study has focused on women's care prior to admission. The aim of this study was to test the hypothesis that transperineal ultrasound can be used to decide whether to admit a pregnant woman due to labor.
| MATERIAL AND ME THODS
We conducted a single-center analytical cross-sectional observational study at La Paz University Hospital, Madrid. The investigators involved in the study belong to the Obstetrics Department of La Paz University Hospital and to the ITU-R12 group. Eligible pregnant women were seen in the obstetrics emergency department and all participants gave informed consent. The eligible women met the following inclusion criteria: (1) low-risk singleton pregnancies at term, (2) cephalic presentation, (3) age greater than 18 years, (4) presenting to the emergency department due to contractions, (5) intact membranes, and (5) no previous cesarean section.
The study was performed in the emergency department when a member of the ITU-R12 group was present. First, the operators performed all ultrasound studies and wrote down the decision they would make if they were managing the case. The ultrasound was performed with the women in a semirecumbent position with an empty bladder.
The parameters assessed by ultrasound were cervical dilation, angle of progression (AOP), and head position. ITU measurements were performed using published methods with a curved array transducer 
Key message
In more than 90% of cases, it could be possible to use ultrasound to decide whether a woman at term with intact membranes has to be admitted due to labor. A large number of vaginal examinations could thus be avoided.
Angle of progression (AOP) 95.09°
The sample size was calculated by considering that approximately only one out of every four low-risk pregnant women are in the active phase of labor among those who come to our emergency department due to contractions with intact membranes. For an overall agreement probability of 0.95, chance agreement probability of 0.25, and relative error of 20%, 51 low-risk pregnant women were needed. We expected the cervix to be visualized either poorly or not at all in approximately one of every 10 participants, which occurred when the technique was first described by Hassan et al. 13 Ultimately, we decided to include 57 consecutive cases.
Clinical characteristics were recorded, including maternal age, height, pre-pregnancy body mass index, gestational age, and obstetric history. The time to delivery, the use of oxytocin for the augmentation of labor, the use of epidural, and the method of delivery were recorded when there was disagreement between the decisions made by ultrasound and digital vaginal examination.
| Statistical analyses
The agreement between the decisions made by ultrasound and digital vaginal examination was measured using Cohen's kappa. The agreement was also assessed by calculating the intraclass correlation coefficient. A Bland-Altman plot was used to examine agreement and bias.
The distribution of the variables was verified using the KolmogorovSmirnov test and histograms. All numerical variables were normally distributed and are displayed as the means and standard deviations.
Between-group comparisons were performed using a Student's t-test,
Pearson's chi-squared test or Fisher's exact test as appropriate. The level of significance was set at 95% (P < 0.05). All analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA).
| Ethical approval
Ethical clearance was obtained from the institutional ethics committee (PI 2992).
| RE SULTS
Between January 2018 and June 2018, 57 eligible women participated in the study, and no one refused to participate. The mean maternal age was 31.6 ± 6.3 years, the mean gestational age 39.2 ± 0.9 weeks, and the mean body mass index 24.3 ± 5.4 kg/ m 2 . There were 18 nulliparous and 39 multiparous women. Of the 57 cases included in the study, 22 were admitted (38.6% of women were considered to be in active labor by the midwives). Only 18
(31.6%) were considered to be in active labor with ITU, but the difference was not statistically significant (P = 0.43).
There were statistically significant differences in age, cervical dilation, effacement consistency, and position between the women admitted and the women discharged following the midwife's examinations (Table 1 ). There were statistically significant differences in age, sonographic cervical dilation, and AOP between the women who would have been admitted and the ones who would have been discharged according to ITU measurements (Table 2) .
It was possible to decide whether a woman had to be admitted due to labor based on the ultrasound in 55 cases (96.5%). In four of these cases, the decision based on the ultrasound differed from the midwife's decision (7.3%). There was strong agreement between the decisions to admit the women based on the ultrasound measurements and those made by digital vaginal examination (Cohen's kappa: 0.844).
It was possible to measure cervical dilation in 52 of the 57 cases (91.2%). In 3 of the 5 women whose cervix could not be measured, Data are presented as the mean ± standard deviation (SD). Cx, cervical; F/M/S, firm/medium/soft; Gest Age, gestational age; Np/ Mp, nulliparous/multiparous; P/M/A, posterior/middle/anterior. Data are presented as the mean ± standard deviation (SD). AOP, angle of progression; A/T/P, occiput anterior/occiput transverse/ occiput posterior; Cx, cervical; Gest Age, gestational age; Np/Mp, nulliparous/multiparous. the decision to admit the woman was based on the AOP and symptomatology (two were multiparous symptomatic women with favorable AOP, and one case was multiparous with a non-favorable AOP). In the other two cases, the obstetrician was not able to make a decision based only on the ultrasound measurements and symptomatology (the women were nulliparous).
TA B L E 2 Maternal and intrapartum ultrasound data for intrapartum ultrasound-based decision
There was good agreement between the cervix dilation measure- +2 according to the formula described by Tutscheck et al. 14 The left occiput transverse position was the most common head position in our study.
In one case, the decision to admit the woman was made by the obstetrician due to intense symptomatology that did not fulfill the admission criteria (2.84 cm and AOP of 122.5° for a multiparous woman). The midwife's decision was also to admit this woman with 3 cm of cervical dilation due to intense symptomatology. In the four cases in which there was a discrepancy in the decisions, the midwives decided to admit the women, whereas the obstetricians decided to discharge them based on ultrasound. All four cases required artificial rupture of the membranes and the augmentation of labor with oxytocin. Of these four cases, three were delivered vaginally and one case ended in cesarean section due to pathological cardiotocography.
| D ISCUSS I ON
Our findings demonstrate that there is a strong agreement in the decision to admit singleton pregnant women at term due to labor based on ultrasound measurements or digital vaginal examination. Measurements of cervical dilation are easily obtained by ultrasound and high concordance between observers has been demonstrated. 16, 18 Making decisions based on ultrasound and symptomatology instead of digital vaginal examination could result in a significant reduction in the number of digital vaginal examinations. In our study, >90% of digital vaginal examinations could have been avoided (digital vaginal examination has to be performed in cases where the ultrasound images are deficient, for example if the cervical circumference is not visible). Vaginal digital examination is neither highly reproducible nor reliable for determining cervical dilation and is a cause of intense emotional distress for many women during pregnancy and labor. 2, 3, 19 In addition, digital vaginal examination is painful, and it has been demonstrated that transperineal ultrasound is less bothersome.
9,10
Intrapartum ultrasound only requires a brief learning period, so it can be done by midwives or doctors depending on the protocols and responsibilities assumed in every clinic. 11 In our study, ITU was performed by obstetricians belonging to the ITU-R12 group who had experience in ITU. It seems advisable to evaluate the results in comparison with digital vaginal examination before using ITU for making clinical decisions.
Although the result was not statistically significant, it is noteworthy that four women would not have been admitted following the ultrasound measurements. It is possible that a significant difference in the number of admissions could be demonstrated with sonographic measurements and a larger number of women.
Considering that these four women required artificial rupture of the membranes and oxytocin for the augmentation of labor, it is possible that ITU measurements have greater accuracy in differentiating the active phase from the latent phase of the first stage of labor.
The only directly comparable measurement in our study was cervical dilation. We could measure cervical dilation in more than 90% of the women, which is a higher percentage than in previous studies. 13, 16 We believe that this high proportion was the result of all our cases having intact membranes and being in the first stage of labor. With the combination of AOP and cervical dilation, a decision was made in more than 95% of the cases. The AOP measurement was added to the ITU to increase the proportion of cases in which a decision could be made.
Recently, a method was described to use ultrasound to measure cervical effacement and cervical dilation simultaneously. 20 The method consists of measuring the cervical thickness in the same image used for measuring cervical dilation. A strong correlation was demonstrated between cervical thickness measured with ultrasound and cervical effacement measured with digital vaginal examination. 20 Cervical thickness was not included in our study but we think it would have produced only slight changes in the decision to admit the women. The difference in the maternal age between the women who were admitted and those who were discharged was statistically significant.
The women who were discharged were younger. One possible explanation is that one risk factor for fear of childbirth is younger maternal age. 21 Therefore, it is possible that younger women go to the hospital more frequently during the perinatal period compared with older women, thus increasing the probability of being evaluated and discharged.
The values reported for fetal head station by digital vaginal examination were unexpected. After investigating the reason why there were no values higher than −1 for any woman, we found that women were automatically assigned a station of −3 by the midwives when they were diagnosed in the first stage of labor. The midwives reported that the head station was more favorable in only three women.
The main weakness of our study is the lack of interobserver verification of the digital vaginal examinations and ultrasound measurements.
Although sonographic measurements are highly reproducible and reliable, it would have been useful if they had been performed by two independent operators in addition to the digital vaginal examination.
16,18

| CON CLUS ION
There was strong agreement in the decisions to admit singleton pregnant women at term due to labor based on ultrasound measurements and digital vaginal examination. Using this technique, more than 90% of vaginal examinations could be avoided for such women.
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